The chemical composition of the essential oil obtained from the leaves of Pulicaria undulata Gamal Ed Din (syn P. orientalis sensu Schwartz and P. jaubertii Gamal Ed Din) was analyzed by GC-MS. Major compounds of P. undulata oil were the oxygenated monoterpenenes, carvotanacetone (91.4%) and 2,5-dimethoxy-p-cymene (2.6.%). The antimicrobial activity of the essential oil was evaluated against six microorganisms, Escherichia coli Pseudomonas aeruginosa, Staphylococcus aureus, methicillin-resistant S. aureus, Bacillus subtilis, and Candida albicans, using disc diffusion and broth microdilution methods. The oil showed the strongest bactericidal activity against Staphylococcus aureus and methicillin-resistant S. aureus, as well as Candida albicans. The essential oil showed moderate cytotoxic activity against MCF-7 breast tumor cells, with an IC 50 of 64.6  13.7 μg/mL. Bioautographic assays were used to evaluate the acetylcholinesterase inhibitory effect as well as antifungal activity of the oil against Cladosporium cucumerinum.
The genus Pulicaria, family Asteraceae, is represented by ca. 100 species, more than 10 of which grow wild in Yemen [1, 2] . A few studies refer to the composition of the essential oils of P. undulata from Saudi Arabia, Egypt, Sudan and Iran [3] [4] [5] [6] . The plant is used as an insect repellent, galactagogue, antiepileptic, and a tonic in folk medicine [7] . Antibacterial and sedative activities of P. undulata oil have been reported [4, 8] .
In the present work we report, for the first time, the chemical composition, cytotoxic, and antimicrobial activities of the essential oil from Yemeni P. undulata (EOPU). In addition, anticholinesterase and antifungal activity of the oil against Cladosporium cucumerinum was carried out using bioautographic assays.
Hydrodistillation of the leaves of P. undulata gave yellow colored oil with a perfumery odor and yielded 2.1% on a dry weight basis, which was somewhat less than those previously reported for P. undulata [5] .
The chemical composition of EOPU analyzed by GC-MS is presented in Table 1 , where compounds are listed in order of their elution from a HP-5ms column. Twenty-two components were identified representing 99.7% of the total oil content, with the main compounds carvotanacetone (91.4%), and 2,5-dimethoxy-p-cymene (2.6%). Carvotanacetone has been found in P. undulata oils collected from different geographical regions. Based on the literature review, it can be said that EOPU of Yemeni origin showed the highest content of carvotanacetone (91.4%), in comparison with other Pulicaria oils [4, 5, 9, 10] .
The anticancer activity of EOPU was assessed against MCF-7 breast tumor cells. The oil showed moderate inhibitory activity with IC 50 = 64.6  13.7 μg/mL compared with the positive control (16.8  1.7 μg/mL). The cytotoxic activity may be attributed to the presence of carvotanacetone, but this compound exhibited no cytotoxicity against K562 cells, human chronic myelogenous leukemia KB cells, and human oral epidermoid carcinoma [11] .
The diameters of the zones of inhibition, minimum inhibitory concentrations (MIC) and minimum bactericidal concentrations (MBC) of EOPU for the microorganisms tested are shown in Table  2 . Staphylococcus aureus was the most sensitive microorganism tested, with the strongest inhibition zone (32 mm), and Pseudomonas aeruginosa was the most resistant strain. The lowest MBC was 3.12 μL/mL for S. aureus and methicillin-resistant S. aureus.
C. albicans and B. subtilis had a lower MBC (6.25 μL/mL) than that of E. coli (12.5 μL/mL). EOs rich in oxygenated terpenes generally show higher antimicrobial activity compared with oils rich in hydrocarbons [12] . This fact might explain the good antimicrobial activity of EOPU. However, Ross et al. reported that carvotanacetone did not show antimicrobial activity against C. albicans B311 and C. neoformans, as compared with amphotericin B [11] . It is also possible that the minor components, such as thymol, carvacrol, methyl eugenol, linalool, α-pinene, 1, 8-cineole and camphor might be involved in some type of synergism with the main compound, carvotanacetone [13] [14] [15] [16] .
EOPU was screened for antifungal activity against Cladosporium cucumerinum using a bioautographic technique [17, 18] . At a concentration of 400 μg/mL, marked antifungal activity was NPC Natural Product Communications 2012 Vol. 7 No. 2 257 -260 EOs and their components with marked anticholinesterase activity can find practical applications, for example, as natural insecticides, anti-dementia, and for treating head lice [22, 23] . The inhibitory effect of EOPU on AChE was detected by TLC assay. The active band was isolated and characterized by ESIMS, LC-MS, 1 H NMR, 13 C NMR and HMBC as carvotanacetone.
From our results, it could be concluded that EOPU is characterized by a high content of carvotanacetone and constitutes a potential source of novel antimicrobial essential oil because of its strong bactericidal effect on clinically isolated microorganisms, particularly on methicillin-resistant S. aureus (MRSA), which is involved in the high rate of infection among adults and children. Moreover, EOPU showed antifungal activity against the phytopathogenic C. cucumerinum. Its anticholinesterase activity may explain its traditional use as an insect repellent. Volatile oil extraction: Dried leaves from P. undulata were hydrodistilled for 3 h in a Clevenger type apparatus according to the European Pharmacopoeia [24] . The obtained oil was subsequently dried over anhydrous Na 2 SO 4 and kept at 4C until analysis.
Experimental
Gas chromatographic-mass spectral analysis: EOPU was analyzed by GC-MS using an Agilent 6890 GC with Agilent 5973 mass selective detector [MSD, operated in the EI mode (electron energy = 70 eV), scan range = 45-400 amu, and scan rate = 3.99 scans/sec], and an Agilent ChemStation data system. The GC column was an HP-5ms fused silica capillary with a (5% phenyl)-polymethylsiloxane stationary phase, film thickness of 0.25 μm, a length of 30 m, and an internal diameter of 0.25 mm. The carrier gas was helium with a column head pressure of 48.7 kPa and a flow rate of 1.0 mL/min. Inlet temperature was 200°C and interface temperature was 280°C. The GC oven temperature program was used as follows: 40°C initial temperature, hold for 10 min; increased at 3°C/min to 200°C; increased 2°/min to 220°C. A 1%, w/v, solution of the sample in CH 2 Cl 2 was prepared and 1 μL was injected using a splitless injection technique.
Identification of the oil components was based on their retention indices determined by reference to a homologous series of nalkanes, and by comparison of their mass spectral fragmentation patterns with those reported in the literature [25] , and stored on the MS library [NIST database (G1036A, revision D.01.00) /ChemStation data system (G1701CA, version C.00.01.080]. The percentages of each component are reported as raw percentages based on total ion current without standardization. EOPU composition is summarized in Table 1 .
Cytotoxicity test: MCF7 cells were grown in a 5% CO 2 environment at 37°C in RPMI 1640 medium with L-glutamine and NaHCO 3 , supplemented with 10% fetal bovine serum, 100,000 units penicillin and 10.0 mg streptomycin per L of medium, pH 7.3. Cells were plated into 96-well cell culture plates at 2.5  10 4 cells per well. The volume in each well was 100 μL. After 48 h, supernatant fluid was removed by suction and replaced with 100 μL growth medium containing 1.0 μL of DMSO solution of the essential oil, giving final concentrations of 100 or 50 μg/mL for each well. Solutions Bioactivity of Pulicaria undulata essential oil Natural Product Communications Vol. 7 (2) 2012 259
were added to wells in 4 replicates. Medium controls and DMSO controls (10 μL DMSO/mL) were used. Tingenone [26] was used as a positive control. After the addition of oils, plates were incubated for 48 h at 37°C in 5% CO 2 ; medium was then removed by suction, and 100 μL of fresh medium was added to each well. In order to establish percent kill rates, the MTT assay for cell viability was carried out [27] . After colorimetric readings were recorded (using a Molecular Devices Spectra MAX Plus microplate reader, 570 nm), average absorbances, standard deviations, and IC 50 values (concentrations of essential oils that show 50% growth inhibition) were determined using the Reed-Muench method [28, 29] .
Antimicrobial Activity
Microorganisms: The microorganisms used were Escherichia coli ATCC 10536, Pseudomonas aeruginosa ATCC 25619, Staphylococcus aureus ATCC 29737, methicillin-resistant S. aureus, Bacillus subtilis ATCC 6633, and Candida albicans ATCC 2091. Müller-Hinton Agar (MHA) (Merck, Darmstadt, Germany) was used to culture the bacteria at 37C. Sabouraud dextrose agar (SDA) (Merck, Darmstadt, Germany) was used to culture C. albicans.
Disc diffusion assay:
The antimicrobial activity of the EO was determined according to the disc diffusion assay [30] . Briefly, the agars were inoculated with the suspension of the microorganism tested (1.5 × 10 8 colony forming units, CFU/mL). Filter paper discs (Schleicher and Schuell, No. 2668, Germany, 6 mm in diameter) were individually impregnated with the EO (10 μL /disc) diluted in dimethylsulfoxide (DMSO). The plates were placed at ambient temperature (28°C) for 30 min, followed by incubation at either 37°C for 24 h for the bacteria or at 30°C for 48 h for C. albicans. Then, the diameters of the resulting inhibition zones (mm) were measured. Clear inhibition zones around the discs indicate the presence of antimicrobial activity. All the tests were performed in triplicate and the mean values were calculated. Ketoconazole (10 μg/disc), nystatin (100 units/disc) for C. albican, ampicillin (10 μg/disc), and gentamicin (10 μg/disc) for bacteria were used as positive controls, and discs with DMSO in the absence of the EO were used as negative controls.
Determination of minimum inhibitory concentrations (MIC):
A broth dilution method was used to determine the minimum inhibitory concentration (MIC), minimum bactericidal concentration (MBC), and minimum fungicidal concentration (MFC) [31] . The tests were performed in Mueller Hinton broth (MHB) and Sabouraud Dextrose broth (SDB) for bacteria and yeasts, respectively. Tween 80 was added to both broths with the final concentration of 0.5%, v/v, to facilitate the homogenization of the oil sample with broth solution. Test strains were suspended in the above broths at the final concentration of 5 × 10 5 CFU/mL. Serial doubling dilutions of the oils were prepared in 96-well microtiter plates (Sarstedt, Technology Park, South Australia) with their concentrations ranging from 0.38 to 100 μL/mL, and the plates were covered with a sterile plate sealer. Contents of each well were mixed on a plate shaker for 20 s and then incubated at 37°C for 24 h for the bacteria and at 30°C for 48 h for the yeast. The microorganism growth was indicated by the turbidity. To determine the MBC, broth was taken from each well and incubated either in MHA at 37°C for 24 h for the bacteria or in SDA at 30°C for 48 h for the yeast. Each test was performed in triplicate.
Modified TLC bioautographic assay for acetylcholinesterase inhibitors:
The test was carried out according to reference [32] .
